SUMMARY A form of adult onset 'bulbospinal muscular atrophy' of X-linked recessive inheritance is described in 10 patients from eight families. Muscle weakness in the limbs was mainly proximal and developed in the third to fifth decades of life, often preceded by muscle cramps on exertion and tremor of the hands. Weakness and fasciculation of the facial muscles and tongue were prominent. All the patients had gynaecomastia and some were infertile. Two had diabetes mellitus. Motor nerve conduction studies were normal but most patients had small or unrecordable sensory action potentials in the absence of clinical sensory loss. Plasma creatine kinase levels were considerably elevated and muscle biopsies showed neurogenic atrophy together with secondary myopathic changes. The importance of recognising this distinctive disorder in single cases (six of the present series) is emphasised.
The chronic spinal muscular atrophies developing in adult life are a clinically and genetically heterogeneous group of disorders. Proximal chronic spinal muscular atrophy of adult onset may be produced either by autosomal dominant or autosomal recessive genes. [1] [2] [3] The same applies to the distal form of chronic spinal muscular atrophy with onset over the age of 20 years.45 A scapuloperoneal distribution of spinal muscular atrophy has been described in a small number of families in which the disorder was dominantly inherited;6' onset of symptoms is usually between the ages of 30 and 50 years. Bulbar symptoms and signs are infrequent in all these disorders.
In 1968, Kennedy and colleagues8 described a distinctive form of adult onset spinal muscular atrophy which was of X-linked recessive inheritance. They reported two families in which 11 males initially developed proximal muscle weakness in the fourth and fifth decades of life. Muscle cramps often preceded weakness by a number of years. Facial weakness was prominent and accompanied by fasciculation. Most affected individuals had atrophy of the tongue associated with dysarthria and dysphagia. Tremor of essential type was present in some cases. Weakness, wasting and fasciculation in the limbs spread to involve the distal musculature as the disease progressed. The tendon reflexes were usually absent. Sensation was normal. Electromyography and muscle histology confirmed the clinical impression of neurogenic atrophy, and necropsy in one case showed diffuse loss and atrophy of anterior horn cells in the spinal cord. Three of the patients had gynaecomastia and two were diabetic. Both pedigrees were compatible with X-linked recessive inheritance. Male to male transmission occurred in one instance; however, this resulted from the marriage of an affected male to a maternal female cousin whose sister was an obligate carrier.
Similar families to those reported by Kennedy and colleagues8 have been described by other authors,-'2 all of which clearly exhibited X-linked recessive inheritance. The disorder has been poorly recognised in males without a positive family history although single cases are likely to occur in any X-linked recessive disorder by the laws of chance without invoking the occurrence of new mutation. The present paper describes six males with X-linked bulbospinal neuronopathy who have no known affected relatives, as well as pairs of brothers and male cousins. The importance of recognising this disease in sporadic cases will be emphasised. In addition some neurophysiological and histological findings will be presented which suggest that the disorder is not purely due to degeneration of brainstem and spinal motor neurons. 
Case reports
Family B: Case 3. This 52-year-old man was found to be diabetic at the age of 40 years. The diabetes was adequately controlled with an oral glibenclamide therapy. Shortly after this he noticed progressive difficulty in climbing stairs. He also had some weakness of the right arm which was of uncertain duration. Five years prior to examination he developed acute right sided facial weakness which had since partially recovered. He had had tremor of his hands since the age of 22 years and was investigated for infertility when he was 35.
On examination he had mild bilateral facial weakness, more marked on the right. The tongue was rather thin but not definitely wasted. There was wasting and weakness of the shoulder girdle and small hand muscles bilaterally which was more severe on the right, and bilateral proximal weakness in the lower limbs, again more severe on the right. The tendon reflexes were all absent. Vibration sense was impaired in the feet. He had bilateral gynaecomastia. There was tremor of the outstretched hands which was also present on movement. In Case 8, biopsy of the vastus medialis showed a large proportion of hypertrophied fibres with diameters ranging from 80 to 150 ,um. Scattered throughout the section there were occasional isolated atrophic fibres, 5-10 ,um in diameter, which stained intensely for oxidative enzyme activity. Some of the 6b) .
Biopsy of the left vastus lateralis in Case 10 showed groups of atrophic, rather rounded, fibres interspersed between markedly hypertrophied fibres. There was some splitting of the largest ones. There were frequent internal nuclei and one or two fibres were undergoing necrosis and phagocytosis. The smallest fibres stained densely for oxidative enzyme activity. With myofibrillar ATPase reactions there was evidence of early fibre type grouping.
The results of endocrine investigations, which had been performed in some of the patients, are shown in table 3. Serum prolactin was normal in all as was plasma testosterone. Two cases (3 and 7) had elevated plasma luteinising hormone levels, and Case 3 also had increased levels of circulating follicle stimulating hormone. Testicular atrophy was present in Cases 7 and 8, and both members of family B (Cases 3 and 4) had azoospermia. ...k, k-. Muscle weakness and wasting were generalised in the limbs but more marked proximally in nearly all of the patients in this study. Distal involvement was more prominent in the arms than the legs; all but one had wasting of the small hand muscles, whereas in four the muscles below the knees were normal. In one case (Case 5), the distribution of weakness was more distal than proximal in the upper limnbs. The tendon reflexes were completely absent in six of the patients described here. In the other four most tendon reflexes were absent and the rest depressed. They appear to be lost gradually as the disease progresses. In Case 5, all were present except the ankle jerks 12 year prior to review, when he was virtually areflexic. In one of the patients described by Schoenen et al'2 who had only muscle cramps and gynaecomastia at the age of 28 years, the tendon reflexes were normal.
Gynaecomastia occurred in nine of this series of cases, and has been noted in over 50% of previously published reports.8'2 In one patient described here, and in two others,8 12 breast excision had been performed for cosmetic reasons before the onset of neurological symptoms. Gynaecomastia would appear to be one of the manifestations of a more widespread endocrine disturbance which must result from the pleiotropic effects of the mutant gene on the X chromosome. Two of the patients in this series, and one of those reported by Schoenen et al'2 had been investigated for infertility. Only half of our patients had reproduced, and the pedigrees presented by Stefanis et all' and Schoenen et al'2 suggest that biological fitness may be reduced in this disorder by a greater degree than can be explained by the extent of the patients' neurological disability. Although mild testicular atrophy was noted in one patient by Ringel et al" it was only observed in two patients in this study and not in any other reports. All of our cases had plasma testosterone levels in the normal range. Two had slightly elevated circulating LH and serum LH in the rest was in the high part of the normal range. This would suggest mild primary testicular failure. Schoenen et al'2 undertook extensive endocrine investigations in two of their patients. Plasma testosterone was subnormal, and 17 B-oestradiol elevated, in both. The latter would explain the gynaecomastia. Plasma testosterone rose on administration of human chorionic gonadotrophin and dexamethasone which would suggest a primary abnormality of the hypothalamic-pituitary axis, in contrast to the findings in the patients reported here. Further dynamic tests of pituitary function are required to elucidate the endocrine manifestations of this disorder.
Another endocrine abnormality found in two patients in the current study, and some of those described by Kennedy et a!8 was the presence of diabetes mellitus. This was of maturity onset. Two unaffected males, both sons of carrier females, were also diabetic in the family reported by Kennedy et al. 8 It is of interest that the mother of Cases 3 and 4 in this series was also diabetic.
One of the patients in this series had mild loss of vibration sense in the feet but 
